ABSTRACT HUHTANEN, C. N. (American Cyanamid Co., Princeton, N.J.) AND W. L. WILLIAMS. Factors which increase acid production in milk by lactobacilli. Appl. Microbiol. 11:20-22. 1963.-The stimulation by yeast extract of acid production in milk by various lactobacilli was studied. It was found that supplementing milk with purine and pyrimidine bases and amino acids allowed nearly maximal acid production by Lactobacillus bulgaricus strain 7994, L. acidophilus 4796, 4356, and 4357, and L. leichmannii 326 and 327. Further supplementation with deoxyribotides allowed maximal acid production by L. acidophilus 204, but L. acidophilus 207 required adenosine or adenylic acid. L. casei strain 7469 showed no appreciable response to the amino acids or purine and pyrimidine bases, and is presumed to require an unidentified factor in corn steep liquor.
Anderson and Elliker (1953) described factors from natural materials and enzymatic digests which stimulated acid production in milk by various streptococci. They pointed out, however, that the stimulation was only apparent in the early phase of growth, and final acidity was not affected by the addition of these materials. found that corn steep liquor was stimulatory to acid production by some lactic acid bacteria, and Kizer et al. (1955) demonstrated the presence of stimulating factors as impurities in proteolytic enzyme preparations. This report concerns the study of certain factors which increase the rate of acid production as well as the final acidity.
EXPERIMENTAL METHODS AND RESULTS
The cultures of lactobacilli were from stock cultures and were maintained in skim milk (Difco; dried) supplemented with 1 % yeast extract (Difco). Titratable acidity was determined using 0.1 N NaOH, with phenolphthalein as an indicator.
During routine transfers of the stock cultures of lactobacilli, it was noted that coagulation of the casein was greatly accelerated when the milk was supplemented with yeast extract. agulation time of the milk was also hastened by the yeast extract in proportion to concentration. Extending the incubation time to 2 weeks had no effect on the final acidity produced. Table 2 shows the response of other lactobacilli to the yeast extract. L. bulgaricus 7994 was studied more A number of pure compounds were tested for their ability to replace the crude materials for L. bulgaricus 7994. Some stimulation was noted with certain purine and pyrimidine bases (Table 4) . A mixture of vitamins showed no activity, and a combination of adenine, guanine, uracil, and xanthine stimulated acid production by L. bulgaricus 7994 as well as other lactobacilli. The amount of the increase, however, was only a fraction of that obtained with yeast extract, indicating that other factors were needed.
Early experiments with Casamino Acids (Difco) showed a very slight stimulation (considered insignificant at the time) of acid production. Individual amino acids were tested in milk with adenine, guanine, uracil, and xanthine, using L. bulgaricus 7994 as the assay organism. Some stimulation of acid production was noted with aspartic acid, tyrosine, valine, lysine, isoleucine, cystine, threonine, and methionine. A combination of these amino acids (1 mg per ml each) gave a response nearly equivalent to that from Casamino Acids. A number of other ribonucleic acid and deoxyribonucleic acid bases were tested for their ability to stimulate acid production in milk by these lactobacilli. L. acidophilus 204 was found to respond to deoxyguanylic acid, thymidylic acid, deoxycytidylic acid, or uridylic acid; L. acidophilus 207 responded to adenylic acid, adenosine triphosphate, adenosine monophosphate, or deoxyadenylic acid. Addition of these to milk supplemented with Casamino Acids and adenine, guanine, uracil, and xanthine gave titratable acidities equal to that from yeast extract. 15.2 12.1 * Incubated for 3 days at 37 C. The milk contained 10,ug per ml of adenine, guanine, uracil, and xanthine. The amino acid solution contained the following (in jig per ml): DL-alanine, 100; L-arginine HCl, 100; DL-aspartic acid, 250; L-cystine, 400; L(+)-glutamic, 450; glycine, 400; L(+)-histidine-HCI, 50; hydroxy-Lproline, 25; DL-isoleucine, 50; DL-leucine, 400; DL-lysine-HCl, 150; DL-methionine, 200; DL-norleucine, 400; DL-phenylalanine, 150; L-proline, 150; DL-serine, 250; 200; 400; 150; 250. t Expressed as ml of 0.1 N NaOH. , Heimbuch, Aurand, and Speck (1956) revealed that L. casei 7469 showed increased acid production when corn steep liquor was added to milk. We confirmed these studies. Amino acids and nucleic acid bases did not replace the corn steep liquor, although the mixture of adenine, guanine, uracil, and xanthine stimulated acid production. L. casei 7469 also showed a response to yeast extract; acid production increased from 7.2 ml of 0.1 N NaOH per 10 ml of milk to 14.3 ml of alkali with 0.4 % yeast extract. Corn steep liquor at the same concentration gave 16.2 ml of titratable acid. L. bulgaricus 7994 did not respond to corn steep liquor as well as to yeast extract (Table 6 ).
DISCUSSION
Milk has long been used as a culture medium for lactobacilli, the assumption being that it contains all the necessary growth factors for this group of microorganisms. It is true that all factors are necessary for growth; however, in certain instances, such as in yoghurt manufacture or in cheese starter cultures, it is desirable to have a rapid production of acid by certain lactobacilli or streptococci. These studies have shown that such a potentiation of acid production can take place with a variety of lactobacilli. Other studies, previously cited above, showed similar results.
Recently, Koburger and Clayton (1961) identified amino acids as a portion of the stimulatory factors produced by Pseudomonas fluorescens cultures in milk. Their assay organisms were commerical starter cultures. An unidentified "precipitate fraction" was also cited by these workers as causing an increase in starter culture activity. Speck, MicAnelly, and Wilbur (1958) studied the acid production by streptococci, and, by paper chromatography, were able to identify peptides as acid potentiators.
Our studies have brought out the interesting fact that milk is deficient in the purine and pyrimidine bases of ribonucleic acid and deoxyribonucleic acid. Evidently, the supply of free amino acids in milk is also low. Perhaps these facts account for the frequently reported association of other organisms with the lactobacilli in milk spoilage; yeasts or other organisms could supply these deficiencies.
